Introduction
Blacks experience a fourfold greater risk of end-stage renal disease (ESRD) compared to whites [1] for reasons that are poorly understood. Lower socioeconomic status (SES), measured either by personal education [2] [3] [4] , annual household income [5, 6] or both [7, 8] , is associated with the disparate risk for ESRD among blacks. In addition, an association between neighborhood poverty and increased risk of ESRD has been reported for blacks compared to whites in some [9, 10] but not all studies [11] .
Population-based studies on earlier stages of chronic kidney disease (CKD) have found that, in contrast to ESRD rates, rates of earlier stages of CKD are comparable [12, 13] or increased [14] among whites compared to blacks. It is not clear why this reversal occurs and to what degree the association between SES and the racial disparities observed for incident ESRD patients can account for the decreased prevalence of less severe CKD among blacks compared to whites. For example, the Atherosclerosis Risk in Communities (ARIC) Study found that only white males had an increased risk of progressive CKD in lower SES neighborhoods [15] and that the estimated glomerular filtration rate (GFR) was higher among black ARIC participants.
These observations suggest that the association between SES, race and decreased GFR is complex. The purpose of this report is to describe the association between race, SES, and the level of GFR to determine if individual and neighborhood poverty independently contribute to racial disparities in CKD prevalence.
Methods

Study Design and Participants
Renal REGARDS is an ancillary study of the ongoing REasons for Geographic And Racial Differences in Stroke cohort study [16, 17] . The REGARDS cohort is a national random sample of noninstitutionalized individuals aged 45 years and older, 20% of whom reside in the coastal plain of North Carolina (NC), South Carolina (SC), and Georgia (GA), 30% in the remainder of NC, SC, and GA and the southeastern states of Tennessee, Mississippi, Alabama, Louisiana and Arkansas, and 50% in the remaining 42 contiguous states. Enrollment was targeted to be approximately half black, half white, and half female. Enrollment of the cohort was completed in October 2007.
Data
Data were obtained from each participant in a telephone interview followed by a subsequent in-home examination and included age, gender, race, previous history of stroke and coronary heart disease, and education. Hypertension was defined as either selfreported use of antihypertensive medications or a systolic blood pressure of 1 140 mm Hg or a diastolic blood pressure of 1 90 mm Hg measured during the home examination, where systolic blood pressure and diastolic blood pressure were the average of two measures taken in the seated position. Diabetes was defined as taking insulin or oral hypoglycemics, or either a fasting blood glucose of 6 126 mg/dl or a non-fasting blood glucose of 6 200 mg/dl. We defined hyperlipidemia as a 'yes' answer to the telephone interview question: 'Have you ever been told by a doctor that you have high cholesterol or an abnormal level of fats in your blood?' Serum creatinine is measured by colorimetric reflectance spectrophotometry using the Ortho Vitros Clinical Chemistry System 950IRC instrument (Johnson & Johnson Clinical Diagnostics, Rochester, N.Y., USA). In 2007, after completion of RE-GARDS recruitment, the REGARDS laboratory at the University of Vermont changed creatinine reagents to a method traceable to creatinine determined by isotope dilution mass spectrometry. Fifty samples were run in duplicate comparing the original method to the traceable method yielding the following calibration equation:
IDMS traceable creatinine = -0.06 + 0.953 ! creatinine.
In addition, in 2007, 200 samples were sent from the RE-GARDS laboratory to the Cleveland Clinic for calibration resulting in the following calibration equation:
Calibrated creatinine = -0.06 + 0.98 ! REGARDS creatinine.
As the two equations were nearly identical, the Vermont equation was used to convert original REGARDS creatinine values to IDMS-traceable values for determination of estimated GFR (eGFR), using the formula:
This approach was used to obtain the eGFR values for the current article, and will be used in future publications concerning the REGARDS cohort.
A single serum creatinine measurement was available for each participant, and these values were used to define the eGFR. Estimated GFR was categorized as 6 60, 59-50, 49-40, 39-30, 29-20, and 19-10 ml/min/1.73 m 2 . Individuals with a GFR of 1 59 ml/ min/1.73 m 2 were collapsed into a single category, first to account for the imprecision of an eGFR above this level and second to conform with current diagnostic conventions that define individuals with a GFR of ! 60 ml/min/1.73 m 2 as having CKD [18] . Individual poverty was estimated by reported family income. We ascertained annual family income by a series of 9 questions during the telephone interview that began with the phrase 'Is your annual household income from all sources less than …?', and then by specifying income levels from USD ! 5,000 to those USD 1 150,000. We then categorized the person's household income as low if the reported income was USD ! 15,000. This value in our data lies closest to the midrange of the federal poverty guidelines with an income threshold of USD 9,750 for a single individual and Neighborhood poverty was estimated by the proportion of individuals residing below the federal poverty level in the census tract where the in-home examination was conducted. We geocoded the address used for the in-home interview to a specific census tract using US Census Bureau data to estimate the 1999 census tract poverty rate. Census tracts are small, stable subdivisions within a single county that include 2,500-8,000 persons who are similar with respect to demographic and socioeconomic characteristics [19] . The Census Bureau assigns each census tract household to being above or below the Federal poverty level based on income, family size and ages of family members [http://www. census.gov/hhes/www/poverty/povdef.html]. We defined a census tract as high poverty if 25% or more of the households were assigned to below the federal poverty level. We defined 5 neighborhood poverty categories: neighborhoods with 0-4.9, 5-9.9, 10-14.9, 15-24.9, and 25% or more of the households living below federal poverty level (high poverty).
Statistical Analysis
We described the baseline characteristics, prevalence of coronary heart disease and impaired kidney function, among RE-GARDS participants and compared them using t tests, ANOVA, and 2 tests. Independent associations were assessed using multivariable logistic models [20] .
We used multivariable logistic regression models to examine the association between the level of kidney function, race and poverty. Our dependent variable was race, with white race as the referent category. Our main exposure was the level of kidney function defined either as a GFR of 6 60 ml/min/1.73 m 2 , the non-CKD referent population, or by GFR decreasing by 10-ml/ min/1.73 m 2 decrements (increasing severity of CKD) between 59 and 10 ml/min/1.73 m 2 .
We assessed the potential confounding of the association between race and level of GFR by poverty measures in the following manner. First, we determined the association between GFR level and race (model 1). Next we successively added measures of household poverty (model 2), community poverty (model 3) and individual characteristics (model 4) to assess whether the asso-ciation between race and level of GFR persisted after controlling for these covariates. Finally, we included an interaction term between race and poverty measures in the final model. All analyses included a covariate indicating the subject's region of residence. Analyses were conducted using SAS statistical software [21] .
Results
There were 30,193 REGARDS subjects with a completed in-home examination by November 1, 2007. We excluded 24 individuals with missing race or geographic region, and 2,900 without a geocoded home address, 1,075 individuals with a missing serum creatinine and 75 individuals with an eGFR of ! 10 ml/min/1.73 m 2 . Finally, we excluded 3,581 individuals with missing information for at least one of the covariates included in our final multivariate analysis. Among those with missing covariates most (n = 3,208, 89.5%) were missing income data.
The mean (SD) age of the remaining 22,538 participants (74.6%) was 65.1 (9.4) years; 58.3% were white; 47.0% were male; 58.2% had hypertension; 20.9% had diabetes mellitus, and 14.8% were current smokers. Coronary heart disease was reported by 14.0% and a previous stroke was reported by 6.1%. An education less than high school was reported by 11.5%, and a family income below the poverty line was reported by 11.0% of participants.
Individuals with low household income were more likely to be older, female, and black ( table 1 ) . These individuals were more likely to have hypertension, diabetes, coronary heart disease, or a previous stroke, to be a current smoker, and to report a lower attained level of educa- ( table 1 ) . The association between race and GFR was complex ( fig. 1 ). Among individuals with a GFR of ! 60 ml/ min/1.73 m 2 , the proportion of subjects who were black increased relative to the proportion of subjects who were white as GFR level declined. The black:white OR (95% CI) among individuals with a GFR between 50 and 59 ml/ min/1.73 m 2 , compared to a GFR of 6 60 ml/min/1.73 m 2 , was 0.74 (0.66, 0.84), increasing to 2.96 (1.72, 5.11) among individuals with a GFR between 10 and 19 ml/min/ 1.73 m 2 . The prevalence of low household incomes was substantially greater among blacks at every level of kidney function ( fig. 2 ) . As GFR declined the proportion of both whites and blacks with a household income below the poverty level increased. As shown in table 2 the proportion of whites with household incomes below poverty increased substantially more among whites than blacks as GFR declined, rising nearly threefold from 6.1 to 15.8% Prevalence of REGARDS participants by race and level of GFR. The proportion of REGARDS subjects are denoted by bars, whites ( ) ) and blacks ( $ ), and the unadjusted black:white prevalence odds ratio is denoted by the triangles and line. fig. 2 ). There were substantial racial differences with respect to community poverty as well, with 43.4% of black and 13.7% of white subjects living in census tracts with more than 25% of households having incomes below poverty ( fig. 3 ). As GFR declined from 6 60 to 10-19 ml/min/ 1.73 m 2 , the proportion of blacks living in low income communities increased from 43 to 56.2%. In contrast, among whites the proportion of individuals living in low income communities increased from 13.6% for individuals with a GFR of 6 60 ml/min/1.73 m 2 to 17.0% among those with a GFR of 40-49 ml/min/1.73 m 2 and then declined to 5.0% among those with a GFR of 10-19 ml/ min/1.73 m 2 ( fig. 3 ) . Overall, blacks were nearly fivefold more likely to live in low income communities (OR 4.84; 95% CI 4.54, 5.16). However, despite these racial differences there was no association between the degree of community poverty and the level of GFR among blacks and whites ( table 2 ) .
The first model in table 3 presents the unadjusted black:white OR for successively severe levels of impaired kidney function with a GFR of 6 60 ml/min/1.73 m 2 as the reference level. The next model adjusts for household poverty, the third includes community poverty, and the final model adds personal characteristics to the fully adjusted model. The association between race and GFR persisted after controlling for low household income, community poverty and personal characteristics. The addition of household poverty somewhat attenuated the black:white OR for CKD (model 2) and the addition of community poverty (model 3) did not further change the GFR stratum-specific ORs.
In the fully adjusted model there was a further attenuation of the black:white OR for CKD (model 4). In the fully adjusted model the black:white OR for impaired kidney function increased from 0.65 (95% CI 0.57, 0.74) to 2.21 (1.26, 3.93) as GFR declined from 50-59 to 10-19 ml/min/1.73 m 2 . In these models we tested the interaction between race and either low household income (p = 0.1987) or community poverty (p = 0.2423). There was no interaction between low household income and commu- nity poverty in these models (p = 0.1402). The addition of education and having health insurance and an identified source of care to this final model did not change these GFR-specific black:white OR (data not shown).
Characteristics in the fully adjusted model other than race (p ! 0.0001) that were associated with the level of GFR included: increasing age (p ! 0.0001), female gender (p ! 0.0001), diabetes mellitus (p ! 0.0001), hypertension (p ! 0.0001), coronary heart disease (p ! 0.0001), previous stroke (p ! 0.0001), and household income below poverty (p = 0.0052). When education, rather than poverty, was included in the fully adjusted model there was no association between education and kidney function (p = 0.1907), and when the three SES measures were included in the fully adjusted model household income below poverty (p = 0.02), but neither community poverty (p = 0.9131) nor education (p = 0.3715) were significantly associated with GFR level.
Discussion
Our main finding is that race and family income were independently associated with GFR level and this effect was similar for whites and blacks in our study. In contrast, neighborhood poverty was not associated with GFR. Further, accounting for household and community poverty attenuated some, but not all, of the unexpectedly higher prevalence of CKD among whites compared to blacks. These observations suggest that (1) household poverty increases the likelihood that both black and whites will have more severe reductions in GFR; (2) this effect of poverty is comparable or greater among whites, and (3) poverty as measured in our study cannot fully explain racial disparities in the prevalence of early stages of CKD in the this population.
The increased prevalence of CKD (GFR ! 60 ml/ min/1.73 m 2 ) among whites compared to blacks was first identified in the National Health and Nutrition III (NHANES) Study [12, 13] [22] , clearly unexpected in view of the fourfold increased incidence of ESRD among blacks consistently reported for the US population. Of note, the 30% increased prevalence among blacks reflected an increased prevalence of persistent albuminuria among individuals with a GFR of 6 60 ml/min/1.73 m 2 and, as with earlier NHANES reports, the prevalence for whites and blacks of a GFR between 30 and 59 ml/min/1.73 m 2 was 5.8 and 4.7% and of a GFR between 15 and 29 ml/min/1.73 m 2 , 0.3 and 1.1% [22] .
It has been suggested that blacks may experience more rapid progression to ESRD, thus contributing to higher incidence rates but not the prevalence of lower GFR. Factors that might mediate more rapid progression may include genetic susceptibility to kidney injury like the recently reported polymorphisms in the nonmuscle myosin heavy chain-9 (MYH9) gene which are associated with increased risk of ESRD among blacks [23] , environmental exposures, and barriers to healthcare [24, 25] . Another possible contributing factor is that differential survival among individuals with CKD might contribute to these racial disparities [26] .
There is growing interest in the role of SES as a modifying influence on racial disparities in the risk of progressive kidney disease and ESRD [27, 28] . Risk factors associated with poverty that might accelerate the progression of CKD associated with SES include perinatal factors and low birth weight, behavioral exposures like smoking, analgesic and other drug use, lead exposure due to illicit alcohol or pica consumption, and access and adequacy of healthcare. It is possible that poverty-related exposures might interact with genetic factors predisposing to rapid loss of kidney function or increased mortality rates among individuals with lower GFR and thus contribute to racial disparities in the prevalence of CKD.
There is increasing evidence to support a role of poverty and SES in a more rapid decline in GFR. Peralta et al. [29] used a genetic admixture score based on 24 genetic markers to estimate the degree of African ancestry in the Cardiovascular Health Study, and found that the degree of African ancestry was not associated with either baseline or change in kidney function. Decreasing income, in contrast, was associated with an increased prevalence of impaired kidney function and this association persisted after controlling for African ancestry, age, gender, smoking status, diabetes, hypertension, education and occupation. The ARIC cohort study found increasing neighborhood poverty was associated with an increased 9-year risk of a composite outcome measured by an increase in serum creatinine level of 0.4 mg/dl or more, hospitalization for CKD, or death [15] . A decreasing neighborhood SES score was associated with higher age-adjusted incidence rates among white males but not other race-gender groups.
These observations were repeated for elderly white participants in the Cardiovascular Health Study [30] where the age-adjusted incidence rate for a composite outcome was 60% higher in the lowest versus the highest quartile of SES, and was unchanged after controlling for other covariates. Finally, a report using NHANES III data by Martins et al. [31] found that blacks were 25% more likely than whites (OR 1.25, 95% CI 1.10, 1.43) to have a urinary albumin to creatinine ratio (ACR) between 30 and 300 mg/g and 80% more likely (OR 1.80, 95% CI 1.31, 2.49) to have an ACR in excess of 300 mg/g. When subjects were stratified into low and high poverty levels based on reported income, the black:white OR was lower, reflecting a diminished effect of race on prevalence of proteinuria, in the higher compared to lower poverty level [31] .
We recently reported that increasing census tract poverty level was strongly associated with a higher ESRD incidence for both blacks and whites [10] . We found that, while the magnitude of the rate difference between black and white ESRD incidence rates increased, the black:white relative risk declined as community poverty increased. These opposite effects were due to a greater rate of rise in white compared to black ESRD incidence rates as community poverty increased, raising the possibility that the impact of lower socioeconomic conditions on ESRD risk may be greater in whites. Our current study is consistent with that possibility as controlling for the effect of lower personal income on racial disparities in the prevalence of decreased GFR reduced the impact of declining GFR on black:white prevalence differences, leaving the unresolved issue of why, despite a substantial fourfold increase in risk of all-cause ESRD among blacks, they are substantially less likely to have prevalent CKD.
It should be noted in this comparison that the majority of blacks live in census tracts with high community poverty. As the level of GFR declined the proportions with low household income increased tenfold in blacks and sevenfold in whites. Thus, larger proportions of black as compared to whites with more severe CKD have low family incomes. Previously reported racial disparities in incident ESRD associated with community poverty may reflect these population differences. However, we cannot reconcile these observations until we have accumulated sufficient follow-up time to examine the risks associated with personal income and community poverty in the RE-GARDS cohort.
A major strength of our study is that of a large, random sample of the older US population which provides sufficient numbers of cases to examine the full range of impaired kidney function below a GFR of 60 ml/min/ 1.73 m 2 . It is unlikely that the racial differences in the prevalence of CKD we report are due to biased selection of subjects. Further, the possibility of misspecification of kidney function is reduced as we used an appropriately calibrated serum creatinine and the MDRD equation, which has been extensively validated for both whites and blacks, to estimate GFR [18] . We only had complete information on 74.6% of our subjects and this raises a concern that the subjects included in our analyses may not be representative of our entire cohort leading to a biased assessment of association between individual and community SES measures and the distribution of kidney function blacks and whites. We have addressed this in several ways. First, when we included subjects with missing income information in our models using an indicator for poverty status that accounted for missing income our results were essentially unchanged (data not shown). Second, we compared the key attributes in our analyses (GFR, household income, and community poverty status) for the whole cohort, those included in our analyses and those who we excluded. Mean age, race, the proportions with low household incomes and living in poor communities, and the distribution of CKD are comparable for all subjects, those included in our analyses and those with one or more missing data element. In contrast, compared to men, women were more likely to have missing data. However, our main observation of an independent association between GFR and race that persists in sequential models controlling first for GFR, next for income, then community poverty, and finally demographic characteristics is consistent across models and we feel this reduces the likelihood of substantial selection bias. Thus, while we cannot exclude the possibility that the subjects excluded for our analyses may have altered our conclusions, we feel that the comparability of the excluded and included subjects and the consistency of our crude and adjusted results lessens this possibility.
A weakness of our study is that our measure of household income is by self-report and was not validated, and previous studies suggest that considerable misclassification of income status may occur with self-reported income data [30] , although the misclassification and failure to report seems to be consistent across all income ranges. It should also be noted that the income threshold that we used to identify low income homes failed to account for household size, which was unavailable in our data, and thus is an imperfect measure of actual household poverty. However, inasmuch as individual poverty was associated with increased CKD prevalence we suspect that more precise estimates of individual poverty would give results consistent with those we report here.
Further, although its use as a measure of neighborhood impoverishment has been extensively validated for studies like ours [31] [32] [33] , it should be noted that census tract poverty might not accurately reflect the neighborhood environment as experienced by our subjects. It is also possible that, as kidney disease is a chronic process, residential mobility might confound the associations between race and kidney disease within communities as persons experiencing the economic burden of chronic diseases move to less affluent neighborhoods [34, 35] .
As we had only a single measure of serum creatinine we cannot exclude the possibility that some individuals were misclassified with respect to CKD. There is no reason to expect that this misclassification would occur differently for blacks and whites, and thus it should attenuate, rather than amplify, the racial disparities we observed. Also, we cannot exclude the possibility that some degree of misclassification of individual and neighborhood poverty may be possible sources of bias, but we feel that this is unlikely to significantly obscure the observation that the increased prevalence of CKD among whites compared to blacks among REGARDS subjects cannot be attributed to differences in SES. Finally, and importantly, we cannot exclude the possibility of reverse causation in the current analysis and it is possible that the association between income and CKD is due to the impact of disease on family earning potential. Finally, the relevance of lower GFR as a risk factor for progression of CKD among both older blacks and whites remains unsettled and follow-up studies to ascertain the independent role of poverty in progression to ESRD are needed.
Finally, a recent publication by Crews et al. [36] noted that blacks sampled from a single community in Maryland had an increased prevalence of eGFR of ! 30 ml/ min/1.73 m 2 . Lower SES in this population, measured by self-reported income, was associated with an increased prevalence of CKD among blacks but not whites. This observation is consistent with the failure of individual SES to account for racial disparities in the prevalence of CKD in our analysis [36] .
In conclusion, family income below the poverty level is a risk factor for increased prevalence of CKD in both blacks and whites. Low income did not explain the unexpected increased CKD prevalence among whites. The factors associated with poverty that contribute to these disparities remain to be identified by prospective studies of the REGARDS and other cohort populations.
